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 Abstract 
 
A seven weeks feeding trial was conducted to assess the 
effect of dietary zinc acetate supplementation on performance of 
the broiler  chicken and retention of   P, Ca, Cu and Zn in the 
tibia bone.  
A number of hundred day-old commercial broiler chicks 
(Hubbard) were randomly allocated to twenty experimental 
pens, of one square meter area each, and located in an open deep 
litter experimental house. Four experimental diets were 
formulated from the common local feed ingredients used in 
poultry feeding in the Sudan, and used in the trial. One diet 
served as a control diet, without addition of zinc acetate, a 
second diet was supplemented with 25mg/Kg zinc acetate, a 
third diet with 50mg/Kg zinc acetate, and a fourth diet was 
supplemented with 75mg/Kg zinc acetate. The experimental 
diets were randomized to the experimental pens at the rate of 
five replicates per treatment, in a completely randomized design 
arrangement. The birds fed the zinc acetate supplemented diets 
had a significantly increased feed consumption (P <0.05). This 
effect improved body weight gain, feed conversion ratio, and 
dressing percentage of the experimental birds. There are no 
significant effects of the dietary treatments on tibia ash and 
mineral content. ( P, Zn, Ca and Cu.) 
   ﻣﻠﺨﺺ اﻻﻃﺮوﺣﻪ
  
اﺟﺮﻳѧѧﺖ هѧѧѧﺬﻩ اﻟﺪراﺳѧѧѧﻪ ﻟﺘﺤﺪﻳѧѧﺪ اﺛѧѧѧﺮ اﺿѧѧѧﺎﻓﺔ اﻟﺰﻧѧѧѧﻚ ﻟﻌﻼﺋѧѧѧﻖ ﻓѧѧѧﺮارﻳﺞ اﻟﻠﺤѧѧѧﻢ 
ﻋﻠѧѧѧѧѧﻰ آﻤﻴѧѧѧѧѧﺔ اﻟﻌﻠѧѧѧѧѧﻒ اﻟﻤﺘﻨﺎوﻟѧѧѧѧѧﻪ واﻟﺰﻳѧѧѧѧѧﺎدﻩ ﻓѧѧѧѧѧﻲ اﻟѧѧѧѧѧﻮزن اﻟﺤѧѧѧѧѧﻰ واﻟﻜﻔѧѧѧѧѧﺎءﻩ 
اﻟﺘﺤﻮﻳﻠﻴѧѧѧѧѧﻪ ﻟﻠﻌﻠѧѧѧѧѧﻒ واﺛﺮهѧѧѧѧѧﺎ ﻋﻠѧѧѧѧѧﻰ اﺣﺘﺠѧѧѧѧѧﺎز ﻋﻨﺎﺻѧѧѧѧѧﺮ اﻟﺰﻧѧѧѧѧѧﻚ واﻟﻨﺤѧѧѧѧѧﺎس 
 ﻓѧѧѧѧﻰ  وﻋﻠѧѧѧѧﻰ ﻧѧѧѧѧﺴﺒﺔ اﻟﺘѧѧѧѧﺼﺎﻓﻰ  ﻓѧѧѧѧﻰ ﻋﻈѧѧѧѧﻢ اﻟѧѧѧѧﺴﺎق واﻟﻜﺎﻟѧѧѧѧﺴﻴﻮم واﻟﻔѧѧѧѧﺴﻔﻮر 
  .اﻟﺬﺑﻴﺤﻪ
دﺟѧѧѧѧﺎج ﻻﺣѧѧѧѧﻢ ﻋﻤѧѧѧѧﺮ ﻳѧѧѧѧﻮم (  آﺘﻜѧѧѧѧﻮت001)م ﺧѧѧѧѧﻼل هѧѧѧѧﺬﻩ اﻟﺘﺠﺮﺑѧѧѧѧﻪ ُاﺳѧѧѧѧﺘﺨﺪ
 ﺗﺠﺮﺑѧѧѧѧѧﻪ ة وﺣѧѧѧѧѧﺪﻋѧѧѧѧѧﺸﺮﻳﻦ، وزﻋѧѧѧѧѧﺖ ﻋѧѧѧѧѧﺸﻮاﺋﻴﺎ ﻋﻠѧѧѧѧѧﻰ ( هѧѧѧѧѧﺎﺑﺮد )واﺣѧѧѧѧѧﺪ 
ﻓѧѧﻰ ﺣﻈﻴѧѧﺮﻩ ﻣﻔﺘﻮﺣѧѧﻪ ﺗﺤѧѧﺖ ﻧﻈѧѧﺎم اﻟﺘﺮﺑﻴѧѧﻪ ( ﻣѧѧﺴﺎﺣﺔ آѧѧﻞ وﺣѧѧﺪﻩ ﻣﺘѧѧﺮ ﻣﺮﺑѧѧﻊ )
  .ﻋﻠﻰ اﻟﻔﺮﺷﻪ اﻟﻌﻤﻴﻘﻪ 
ُاﺳѧѧﺘﺨﺪﻣﺖ ارﺑѧѧﻊ ﻋﻼﺋѧѧﻖ ﺗﺠﺮﺑѧѧﻪ ﻣﻜﻮﻧѧѧﻪ ﻣѧѧﻦ ﻣѧѧﻮاد اﻟﻌﻠѧѧﻒ اﻟﻤѧѧﺴﺘﺨﺪﻣﻪ ﻓѧѧﻰ 
ﻋﻠﻴﻘѧѧѧﺔ اﻟѧѧѧﺘﺤﻜﻢ واﻟﺘѧѧѧﻰ ﻻ ﺗﺤﺘѧѧѧﻮى ﻋﻠѧѧѧﻰ اى . ﺴﻮدانﺗﻐﺬﻳѧѧѧﺔ اﻟѧѧѧﺪواﺟﻦ ﻓѧѧѧﻰ اﻟѧѧѧ 
 زﻧѧѧѧﻚ، آﺠѧѧѧﻢ/ ﻣﺠѧѧѧﻢ 52اﺿѧѧѧﺎﻓﺔ زﻧѧѧѧﻚ، ﺑﻴﻨﻤѧѧѧﺎ ﺗﺤﺘѧѧѧﻮى اﻟﻌﻠﻴﻘѧѧѧﻪ اﻟﺜﺎﻧﻴѧѧѧﻪ ﻋﻠѧѧѧﻰ 
 زﻧѧѧѧﻚ، واﻟﺮاﺑﻌѧѧѧﻪ ﺗﺤﺘѧѧѧﻮى آﺠѧѧѧﻢ/ ﻣﺠѧѧѧﻢ 05واﻟﻌﻠﻴﻘѧѧѧﻪ اﻟﺜﺎﻟﺜѧѧѧﻪ ﺗﺤﺘѧѧѧﻮى ﻋﻠѧѧѧﻰ 
ﻖ اﻻرﺑﻌѧѧѧﻪ ﻋѧѧѧﺸﻮاﺋﻴﺎ ﻋﻠѧѧѧﻰ ﻼﺋѧѧѧﺗѧѧѧﻢ ﺗﻮزﻳѧѧѧﻊ اﻟﻌ  زﻧѧѧѧﻚ، آﺠѧѧѧﻢ/ ﻣﺠѧѧѧﻢ 57ﻋﻠѧѧѧﻰ
ﺎﻣﻠѧѧѧѧﻪ وﻓﻘѧѧѧѧﺎ ﻟﻠﻨﻈѧѧѧѧﺎم وﺣѧѧѧѧﺪات اﻟﺘﺠﺮﺑѧѧѧѧﻪ ﺑﻤﻌѧѧѧѧﺪل ﺧﻤѧѧѧѧﺴﻪ ﻣﻜѧѧѧѧﺮرات ﻟﻜѧѧѧѧﻞ ﻣﻌ 
  . آﺎﻣﻞ اﻟﻌﺸﻮاﺋﻴﻪ
اﺿѧѧѧﺎﻓﺔ اﻟﺰﻧѧѧѧﻚ ادى اﻟѧѧѧﻰ ﺗﺤѧѧѧﺴﻴﻦ اﺳѧѧѧﺘﻬﻼك اﻟﻌﻠﻴﻘѧѧѧﻪ وﺗﺤѧѧѧﺴﻴﻦ ﻓѧѧѧﻰ اﻟﻨﻤѧѧѧﻮ 
 وﻟѧѧѧѧﻢ ﻳѧѧѧѧﺆﺛﺮ ﻋﻠѧѧѧѧﻰ وﻣﻌѧѧѧѧﺪل اﻟﻜﻔѧѧѧѧﺎءﻩ اﻟﺘﺤﻮﻳﻠﻴѧѧѧѧﻪ ﻟﻠﻐѧѧѧѧﺬاء وزﻳѧѧѧѧﺎدة اﻟﺘѧѧѧѧﺼﺎﻓﻰ 
  .اﺣﺘﺠﺎز اﻟﻌﻨﺎﺻﺮ اﻟﻤﻌﺪﻧﻴﻪ ﻓﻰ ﻋﻈﻤﺔ اﻟﺴﺎق
CHAPTER ONE 
1. INTRODUCTION 
 
Zinc is an essential trace element in all living systems, from 
bacteria, plants and animals to humans. Clear evidence of a biological 
function for zinc was not available until 1934, when the effect of 
experimental zinc deficiency in rats was first described by (Tood et al., 
1934). It took another 20 years before naturally occurring zinc deficiency 
was recognized as a cause of parakeratotic lesions of the skin in pigs 
(Tucker and Salmon, 1955). 
Shortly afterwards, lack of zinc was shown to result in retarded 
growth, poor feathering and skeletal development of poultry (O, Dell and 
Savage, 1957; O, Dell et al., 1958). It is well known that zinc is included 
in broiler diets in organic form, such as zinc sulphate, zinc carbonate, or   
inorganic form such as zinc methionine. Trace minerals most likely to be 
deficient in animals fed common feedstuffs are Fe, Mn, Co, I, Zn, Cu, 
and Se (Underwood et al., 1935).Due to low zinc content in some feeding 
stuffs, compared with the requirements, zinc supplementation in poultry 
diets became necessary. Zinc has significant roles in the living organism, 
probably because it is a cofactor of more than 200 enzymes.  . One of the 
most known functions of zinc is related to its antioxidant role, and its 
participation in the antioxidant defense system (Powell, 2000). The 
mechanism by which zinc exerts its antioxidant action is not well defined. 
Also zinc is required for growth, bone development, feathering in 
chickens, enzyme structure and function, and appetite.  
Chester and Quaterman (1970) showed that the rate of feed intake 
was increased within 1-2 hours of dietary zinc supplementation in 
chickens. The objective of the present study is assess the effect of adding 
graded levels of zinc in broiler diets on general performance, 
characteristics and tibia-mineral content of broiler chickens.  
CHAPTER TWO 
2. REVIEW OF LITERATURE 
 
The role of trace minerals in animal production is an area of great 
interest and concern for producers, feed manufactures, veterinarians and 
Nutritionists. 
Mineral supplementation strategies quickly became an important 
issue and complex because difference in trace mineral status of all 
livestock and avian species is critical for obtaining optimum production 
in modern animal production systems. While the importance of Zinc as an 
essential nutrient has been recognized for many years, only recently 
researchers have understood the full impact of this nutrient on animal and 
human health. 
Trace minerals are most likely to be deficient in animals fed 
common natural feedstuffs included Fe, Mn, Co, I, Zn, Cu, and Se 
(Underwood et al., 1935).  
2.1 Zinc distribution in the chicken: 
Zinc is a widely distributed element in body tissues of animals, 
with its highest concentration in the liver, kidneys, muscles, eyes, 
pancreas, prostate gland, skin, bone, hair and wool. Animals with Zn 
deficiency retain more Zn in the skin, testes, scrotum, kidneys, muscles, 
heart, lungs and spleen than normal animals (Taj Edean, 1997).  
2.2 Bioavailability of zinc in the chicken: 
Numerous factors have a marked effect on zinc absorption in 
animals and man. The nature of the chemical compound is one of them. 
Most studies on zinc bioavailability determine the relative bioavailability 
of the element mainly related to zinc sulphate (Wedekind and Baker, 
1990), and only few studies address the absolute apparent bioavailability. 
Recently the absolute bioavailability of zinc was established to be 
about 22% for zinc oxide, 23% for zinc sulphate and 19% for zinc acetate 
(Poulsen and Larsen, 1995; Poulsen and Carlson, 2001). Ranking of 
criteria to assess bioavailability of zinc from different sources were 
described by (Sandoval et al. 1997) for broilers. They showed that 
concentration of zinc in bones was closely related to the bioavailability of 
zinc content in the liver and pancreas. 
Beside the interaction of zinc and   chemical compounds, 
numerous interactions exist between zinc and other feed components. 
Hexa and Penta phosphate derivatives of insitol (phytic acids) affect zinc 
absorption in non ruminants, because insoluble zinc phytate complexes 
are formed. 
The absorbability of zinc depends on the dietary concentration of 
phytate, calcium, magnesium and phosphorus. The zinc bioavailability is 
also influenced by high amounts of copper and iron in the diet. In a 
similar way nickel in excess of requirements leads to signs of zinc 
deficiency (Anke et al, 1995, 2002). It seems that an oversupply of 
divalent cat ions influences the metabolism of zinc. 
2.3 Zinc functions in the chicken:   
Zinc is a constituent or cofactor of a variety of enzymes in nucleic 
acid and protein metabolism. Of key importance, are zinc-dependent 
enzymes functioning in DNA synthesis. 
Zinc is also vital to the activity of a variety of hormones including 
glucagons, insulin, growth hormones, and the sex hormones. It also plays 
a key role in the immune system, which affects progeny immunity and 
disease resistance.( Kidd et al. 2000) suggested that zinc-methionine 
supplementation to hens may improve progeny immune organs 
development and enhances non specific immunity. Zinc and vitamin C 
have improved the performance and modulated the humeral and cellular 
immune response in broilers (Abu-Zeid et al., 1999). Zinc in association 
with vitamin E increased the humeral immune response to vital antigens 
and the cellular immune response (Bettuzzi et al., 1998). 
(Simon et al. 1987) found that the addition of zinc bacitracin (50 
mg/Kg) in a starter feed improved the average body weight gain of broiler 
chicks by 1.5% and feed conversion by 2.6% compared with controls. 
Muller (1992) found that zinc-bacitracin (an antibiotic bound with zinc), 
showed the same effect, exerting a positive influence on digestion, by 
selective antibacterial agents against Streptococcus, staphylococcus and 
Clostridium. (Bee et al. 1998) showed that dietary antibiotic zinc-
bacitracin increased energy utilization only during the first growth period 
of broilers. 
2.4 Zinc metabolism in the chicken:  
Regulation of zinc absorption occurs in the intestinal cells 
(Furugouri, 1978). The mechanism and control of zinc absorption are still 
not fully understood. 
Metabolism of trace elements are subject to certain mechanisms 
of homeostatic regulation; and the supply status of zinc has definite 
effects on its respective extent of intestinal absorption, retention and 
intestinal excretion (Kirchgessner, 1976). Experimental studies showed 
that there was a decrease in turnover rate and endogenous excretion of 
zinc in response to deficient dietary intake (Kirchgessner and Schwarz, 
1976). 
The absorption of zinc is adversely affected by high dietary Ca 
concentration, and the presence of phytate further aggravates it. The 
condition complex of zinc by phytate forms an insoluble and unabsorbale 
compound which is one of the mechanisms, whereby zinc availability to 
animals is reduced. A chelate is formed by complexing of the   mineral 
element with an organic compound. A substance called 
ethylenediaminetetra acetic acid (EDTA) is an excellent chelating agent; 
it improves zinc availability by competing with phytate to form an 
EDTA-Zn complex that allows absorption of zinc either as free iron or as 
EDTA-Zn complex (Furugouri, 1978). 
Ligands are referred to as chelating agents or binding agents. The 
presence of low molecular weight binding ligands like hystidine and 
cystine in feed stuffs such as soybean meal and corn was found to 
decrease Zn- availability (Furugouri, 1978). 
Some research work suggested a role for picolinic acid in 
enhancing Zn absorption. Solomons and Cousins (1983) suggested that 
diets containing similar amounts of Zn may produce incidence of 
Parakeratosis in swine and variable weight gain in chicks. 
2.4.1 Zinc excretion in the chicken:  
The pancreatic juice appears to be the main route of excretion of 
endogenous Zn (Prasad et al; 1969).The endogenous losses are reduced 
during dietary zinc deficiency, serving to conserve body stores.  
Except in abnormal conditions such as nephritis (kidney 
disorders) or hypertension (rise in the blood pressure), urinary losses of 
zinc are very low. Excretion can be increased ten folds by administration 
of EDTA (Underwood, 1977). 
2.4.2 Zinc homeostasis in the chicken: 
Transfer of zinc out of the intestinal mucosal cells to the plasma is 
controlled closely by metallothionein, which is a low molecular weight 
binding protein synthesized in response to a rise in plasma zinc 
concentration. Thus the overall   process of zinc absorption appears to be 
regulated by intracellular compartmentalization, as well as by 
endogenous secretion of zinc in excess of immediate metabolic needs 
from the lumen of the intestinal tract (Solomon and Consins, 1983). 
2.4.3 Zinc retention in the chicken: 
Zinc is removed from the blood rapidly by the tissues. Tissues 
saturated with zinc (muscle) translocate zinc to unsaturated tissues (liver, 
pancreas, and kidney). Saturated tissues were characterized by no net 
change in zinc, whereas unsaturated tissues showed a marked increase in 
zinc content (Pekas, 1968). 
Retention of zinc was highest at all stages of growth in chicks 
receiving diets with the highest contents of protein and energy (Baghael 
and Pradhan, 1990). Higher retention of zinc occurred only in the grower 
and finishing phases when given high level of protein, while high level of 
Metabolizable energy in the diet lead to a decline zinc retention in the 
finisher period. 
Biological utilization of zinc from organic sources is better than 
from inorganic ones. It has been revealed that broilers given zinc 
methionine had a greater level of zinc in tissues (60%) than broiler given 
the inorganic compounds (Zinc sulphate and Zinc carbonate).  
High inclusion rates of copper (up to 29 mg Cu/Kg) as hydrated 
copper sulphate (Cu SO4. 5 H2O) in the diet of laying hens resulted in a 
rapid decline in egg production (Jackson, 1977; Stevenson and Jackson, 
1980). [Once added CuSO4 was no longer fed, the size and function of 
the reproductive system were soon restored.] 
 
2.4.4 Signs of zinc deficiency in the chicken: 
The zinc requirement of the young broiler chick is approximately 
35 to 40 mg/Kg in semi purified diets containing isolated soy bean 
protein or casein (Morrison and Sarett, 1958, O' Dell et al; 1958; 
Roberson and Schaible, 1958). Feed conversion rate was decreased when 
the birds were fed Zinc levels below 32mg/Kg, which was quite adequate 
for weight gain. This level is more precise than the amount assessed for 
zinc requirements by conventional methods, which is 40 mg/Kg 
(Steinruck and Kirchgessner, 1993). 
Reduced appetite is one of the first signs of zinc deficiency 
observed in animals. In rats, zinc deficiency often reduces feed intake by 
30%, and force-feeding the deficient rats rapidly induces illness. O' Dell 
and Reeves (1989) showed that changes in appetite are associated with 
changes in the concentrations of amino acid derived neurotransmitters in 
the brain. Zinc deficiency may also reduce appetite by impacting the 
taste. The sense of taste is mediated through the salivary zinc dependent 
polypeptide, gustin. Low salivary   zinc concentration leads to a reduction 
of taste and appetite. Also, there are studies which showed reduction in 
plasma zinc concentration and plasma alkaline phosphates activity. 
Droke et al. (1993) showed that as lambs became zinc deficient, 
their eating behavior changed. It is hypothesized that the reduction in 
enzyme activity leads to the accumulation of one or more metabolites, 
causing a marked change in eating behavior. This extreme sensitivity of 
appetite to nutrient supply is unique to zinc, which is expressed in all 
animal species and reflects the key role of zinc as a nutrient. 
Zinc deficiency retards bone formation, and is associated with 
reduced division and proliferation of cartilage cells in the epiphysis 
growth plate (Levander et al. 1980). In the zinc deficient animals bone 
alkaline phosphate is reduced, bone density is depressed and zinc content 
of bone and liver are reduced (Levander and Cheng, 1980).  
Parakeratosis,( the thickening, hardening and cracking of skin) is 
a common sign of zinc deprivation in all species. Poultry typically 
develop a severe dermatitis of feet and poor feathering. Zinc is critical to 
good hoof health in many species. Zinc improves hoof health through 
keratin synthesis and maturation, wound healing, and epithelium 
maintenance. 
Many researchers have assumed that the decreased immune 
response is a secondary response associated with reduced nutrient intake. 
Zinc  deficiency in the breeder diet would reduce egg production 
and hatchability. The embryos in zinc deficient eggs show a wide variety 
of skeletal abnormalities involving the head, limbs and vertebrae (Scolt et 
al., 1982 a).  
Recent data suggest that high levels of zinc in certain diets may 
improve animal health independent of its role on the immune systems. 
Some researchers have speculated that pharmacological zinc levels may 
improve performance through systemic effect via the blood rather than 
the enteric effects in the small intestine. However, recent data suggest 
that bioavailability of zinc is irrelevant to the performance response (Case 
and Carlson, 2002). The plasma, tissue, urine, and fecal zinc 
concentrations of pigs fed 500 PPm of zinc from two organic sources, 
were not different compared to that of zinc oxide. These data would lead 
to the conclusion   that there were no differences in bioavailability 
between the organic and inorganic   zinc sources. 
2.5 Zinc toxicity in the chicken:  
Toxicity of zinc is low occurrence. Farm animals, companion 
animal and fish as well as humans; exhibit a considerable tolerance to 
high intakes of zinc. Nonetheless, zinc toxicity has been reported to occur 
under non experimental conditions. The toxicity of zinc clearly depends 
upon the zinc source, dietary level, the duration of feeding, and the levels 
of other minerals in the diet. 
In young chickens the following concentrations (mg/Kg diet) 
caused reduced growth: 800 mg as ZnO (Berg and Martinson, 1972), 
1500 Mg as ZnSO4 or ZnCO3 (Roberson and Schoible, 1960), 3000mg as 
ZnSO4 (Jensen, 1975) and as ZnO (Johnson et al., 1962). Jensoen (1975) 
also   observed oxidative diathesis and muscular dystrophy in his study at 
2000 mg Zn/Kg feed as Zn sulphate. In immature turkey 4000 mg Zn/Kg 
diet as ZnO caused reduced growth (Vohra and Kratzer, 1968). 
Levels of 1% to 2.5% zinc have been fed to rats with no 
deleterious effects. Prasad et al., (1969) observed anemia, growth failure 
and death in rats fed 1% Zn   in the diet,   although lower levels of 0.7% 
allowed normal life, but induced anemia and reduced growth. Zinc fed at 
1g/Kg showed no ill-effects in pigs, but levels of 4 and 8g/Kg produced 
depressed growth, stiffness, hemorrhages around bone joints and 
excessive bone resorption (Hsu et al., 1975). 
CHAPTER THREE 
3. MATERIALS AND METHODS 
The experimental work in the present study was in the form of   a 
7-weeks feeding trial, conducted to assess the effect of supplementing 
zinc acetate to broiler diets on performance. The experiment was 
conducted in the poultry unit of the faculty of Animal Production, 
University of Khartoum, in winter during the period from January to 
march, 2006.  
3.1 Experimental birds:  
A total of 100 day-old unsexed Hubberd broiler chicks were   
purchased from Hyfet, Co Ltd in Khartoum, and used in this trial. Before 
the arrival of the chicks the experimental pens were cleaned manually, 
disinfected using fire and formalin solution. The   floor   was covered 
with wood shavings, and each pen was provided by an electric lamp (60 
watts) for continuous lighting and heating (24 hours).  
The birds were vaccinated against Gumboro (Infectious Bursitis) 
and Newcastle Disease. All the chicks were weighed and were randomly 
assigned to 20 experimental pens, each pen contained 5 birds.  
Four experimental diets with different levels (0, 25, 50, 75) of   
zinc acetate were formulated, and were randomly assigned to the 
experimental pens at the rate of five pens (replicates) per treatment (diet).  
3.2 Housing and managements:  
The experiment was carried out in an open experimental house, 
the long axis of which is located in east-west direction. The experimental 
house was partioned into 20 experimental pens of 1×1 meters  floor area 
each. Each pen was supplied with a tube feeder and a fountain drinker. 
Light was provided for 24 hours. The experiment was carried out during 
the cooler months of the year (January-March). The maximum house 
temperature reported throughout the experimental period was 310C and 
the minimum temperature was210C.       
3.3 Experimental diet:  
Four diets were formulated, in the containing graded levels of 
zinc acetate, namely 0, 25, 50 and 75mg/Kg. All the diets were isocolaric 
containing approximately 3200Kcal ME/Kg. Each diet was randomly 
assigned to five replicate (pens) groups of 5 chicks each. Feed and water 
were provided adlib. The chemical composition of these diets is shown in 
table (2). The feedstuffs used   in  the experiments were purchased from 
local markets.  
3.4 Growth study:  
The birds and feed were weighed every week to determine the 
average body weight and the feed intake for the different treatment 
groups. The average feed conversion ratio was then assessed by dividing 
the weekly feed consumption by the weekly body weight gain for each 
treatment group.  
3.5 Carcass evaluation:  
At seven weeks of age (end of the experiment) two chicks per pen 
were randomly selected, slaughtered and used for carcass evaluation. The 
birds were fasted over night (12hrs) but allowed free access to water. 
They were then slaughtered manually by severing the jugular vein   at the 
base   of the head, and were allowed to bleed for two minutes to avoid 
blood discoloration of the carcass. After bleeding birds were immersed in 
boiling water (65C0) for defeathering. Hot carcasses weight was 
determined. There were steps for eviscerations consist of positioning, 
opening the body cavity, removing the viscera, inspection and processing 
of the giblets. After that sorting of the carcasses, then chilled in 
refrigerator for 24 hours at 4C0. Then reweighed and cold carcass weight 
was calculated. Dressing percentage was determined.   
3.6 Chemical analysis: 
Representative samples of the experimental diets were analyzed 
for moisture, ether extract, ash, crude fiber and crude protein, using 
standard methods of A.O.A. C (1982).  
Tibia bone was dissected and dried in a hot oven at (1050C), and 
was then a shed in a muffle furnace at 4500C over night (18 hours). Bone 
ash was obtained weighed and assessed as a percentage of the dry fat-free 
bone weight. Dry tibia bones, were weighed in clean dry crucibles, placed 
on hot a plate and were allowed to smoke until the samples were 
completely charred. They were then transferred into a furnace at 2500C 
which temperature was   increased gradually until it reached 450 0C. The 
samples were then left to ash over-night (18 hours). The crucibles and 
their contents were left to cool to   room temperature. Then they were   
put in hydrochloric acid and filtered through ashless paper in flasks and   
final volume was made up to 100 ml with distilled water. The diluted 
digest of each sample was pipetted in a clean dry glass-container, closed 
tightly and labeled and kept, ready for mineral analysis. The digestions of 
samples were done according to the method of Gardiner et al (1961). 
Determination of Copper, Zinc and Calcium in bone ash and in   
the diets was carried out using Atomic Absorption Spectro photo meter 
model Perkin Elmer 3110, according to the chemical analysis of 
Ecological materials (1989).  
The determination of phosphorus in bone ash and the 
experimental diets were made by spectrophotometer, model spectronic 
according to the standard method of A.O.A. C (1982). 
3.7 Statistical analysis: 
Data were collected and subjected to analysis of variance for the 
complete randomized design according to Steel and Torrie (1980), and   
the differences between treatment means were tested using the least 
significant difference method.  . 
Table (1): Ingredient composition of the experimental diets (Per cent) 
 
Experimental diets 
1 2 3 4 
Ingredients 
Zinc acetate mg/Kg 
0 25 50 75 
Sorghum 60.00 60.00 60.00 60.00 
Sesame meal 15.00 15.00 15.00 15.00 
Dec. Ground nut meal  15.00 15.00 15.00 15.00 
Wheat bran 1.75 1.75 1.75 1.75 
Super concentrate.* 5.00 5.00 5.00 5.00 
Dicalcium phosphate 1.00 1.00 1.00 1.00 
Common salt 0.20 0.20 0.20 0.20 
Lysine 0.13 0.13 0.13 0.13 
Dl-methionine 0.10 0.10 0.10 0.10 
Veg. Oil 1.92 1.92 1.92 1.92 
Total 100 100 100 100 
 
* Composition of super concentrate (Wafi) supplied the following per 
Kilogram: crude protein 40%, crude fat 2%, crude fiber 2%, calcium 
10%, phosphorous 4%, lysine 12%, methionine 3%, methionine 
+cystine 3.2%, Metabolizable energy 2100 Kcal/Kg, Sodium 2.6%. 
Table (2): 
The calculated and determined chemical composition of the 
experimental diets (%) 
 
A: Calculated analysis 
 
Experimental diets 
Item 
NRC 
(1994) 1 2 3 4 
Metabolizable energy 
(Kcal/Kg)  
3200 3198.5 3198.5 3198.5 3198.5 
Crude Protein 
 (N% × 6.25) 
21.5 23.2 23.2 23.2 23.2 
Lysine 1.1 0.9 0.9 0.9 0.9 
Methionine 0.50 0.60 0.60 0.60 0.60 
Calcium 1.0 1.0 1.0 1.0 1.0 
A.V phosphorus 0.5 0.5 0.5 0.5 0.5 
Calorie : Protein ratio 149:1 137:1 137:1 137:1 137:1 
 Table (2) continued: 
B: Determined analysis (Per cent): 
 
Experimental diets Item (%) 
Proximate analysis 1 2 3 4 
Dry matter%  93.76 93.76 93.76 93.76 
Ether extract % 8.98 8.98 8.98 8.98 
Crude protein% 
(N%x6.25) 
22.65 22.65 22.65 22.65 
Crude fiber% 8.37 8.37 8.37 8.37 
Ash% 8.72 8.72 8.72 8.72 
Phosphorus mg/kg 0.92 0.96 0.96 0.11 
Copper mg/Kg 0.05 0.02 0.02 0.03 
Zinc mg/Kg 1.29 1.19 1.19 1.09 
Calcium mg/Kg 0.59 0.47 0.42 0.55 
 
CHAPTER FOUR 
4. RESULTS 
 
The effect of graded levels of dietary zinc acetate supplementation 
on the performance of the experimental birds is summarized in table (3). 
It can be seen that the dietary treatments had significant effects (p<0.05) 
on total feed consumption, live weight gain, feed conversion ratio and 
dressing out percentage. All these parameters were significantly increased 
with increased dietary zinc acetate levels. It can also be seen that the 
dietary treatments had no significant effects on final live weight, tibia ash 
and tibia minerals composition.  
It can be seen in table (4) and Appendix (1-a), (1-b) and (2), that 
the total feed consumption of birds was progressively increased by 
supplementing the control diet with 25mg/Kg or 50mg/Kg Zinc acetate, 
while it was not affected by the highest level of Zinc acetate 
supplementation (75mg/Kg of the diet).The differences between the 
dietary treatments were statistically significant. Body weight gain was 
similarly increased by graded dietary zinc supplementation, in same 
pattern with increased feed consumption. The feed conversion ratio was 
also increased by dietary Zinc acetate supplementation at the levels of 
25mg and 50mg/Kg of the diet. The dressing out percentage was 
significantly increased by Zinc acetate supplementation at the level of 
25mg/Kg of the diet, while it was maintained statistically similar on the 
other experimental diets. 
The tibia ash content presented in table (3) and Appendix (7) did 
not reveal any significant differences among the experimental treatments. 
Similarly the tibia mineral contents were not significantly affected by the 
experimental treatments, as shown in table (3) and Appendix (8) to (11). 
Table (3): The effect of dietary zinc supplementation on the 
performance of the experimental birds 
 
Treatments 
Experimental parameters 
1 2 3 4 SEM 
Number of birds/treatment 25 25 25 25 - 
Initial body weight/g/bird 41.50 41.10 41.40 41.10 - 
Total feed consumption 
(g/bird/7 weeks) 
3120.20 b 3238.60 ab 3341.80 a 3168.00 ab 63.63 *  
Final live weight 
(g/bird/7 weeks) 
1459.00 1474.00 1551.00 1536.00 91.48 N.S 
Live weight gain 
(g/bird/7 weeks) 
1417.50 a 1432.90 b 1509.60 ab 1494.90 ab 30.50 *  
Feed conversion ratio 
(g feed/g weight gain) 
2.20 b 2.26 a 2.21 a 2.11ab 0.05 *  
Dressing percentage 72.80 ab 75.05 b 72.25 b 71.30 b 1.24 *  
Tibia ash content (%) 16.50 14.80 16.50 14.50 0. 10 N.S 
Copper content 0.05 0.02 0.02 0.04 1.01 N.S 
Calcium content 0.59 0.47 0.42 0.55 95.80 N.S 
Zinc content 1.29 1.19 1.19 1.09 0.30 N.S 
Phosphorus content 0.92 0.96 0.96 0.11 48.90 N.S 
 
Values are means of 25 chicks / treatment /7 weeks. 
Values within the same raw with different letters are statistically significant (P<0.05). 
* = Statistically significant (P<0.05). 
N.S = Not statistically significant. 
SEM = Standard error of the mean. 
 
4.1 Feed consumption: 
Table (4) presents the weekly mean feed consumption of the 
experimental birds. It can be noticed that the dietary treatments had no 
significant effects on weekly feed consumption except in week (5) where 
weekly feed consumption was significantly (P≤ 0.05)increased by 
increasing the dietary level of Zinc acetate up to 50mg/Kg. The highest 
dietary inclusion of Zinc acetate (75mg/Kg) slightly increased feed intake 
over that of the control diet.  
 
Table (4): Weekly mean feed consumption of the experimental birds 
(g/bird/week) 
Experimental diets Age in 
weeks 1 2 3 4 SE 
1 95.80 94.40 99.20 98.60 2.02 N.S 
2 223.00 226.20 198.60 218.40 6.40 N.S 
3 261.40 303.00 294.00 302.00 8.59 N.S 
4 375.00 369.00 400.00 379.00 7.32 N.S 
5 587.00 c 692.00 b 802.00 a 632.00 bc 22.33*  
6 746.00 735.00 732.00 744.00 19.39 N.S 
7 832.00 819.00 816.00 794.00 17.54 N.S 
 
Values are means of 25 chicks / treatment / 7weeks. 
Values within the same row with different letters are statistically significant (P<0.05). 
* = Statistically significant (P<0.05). 
N.S = Not statistically significant. 
SEM = Standard error of the mean. 
 
 
 
 
4.2 Final liveweight: 
The data on weekly liveweight is presented in Table (5) and 
Appendix (3). It can be seen that weekly mean liveweight of the 
experimental birds were not significantly affected by supplementation of 
Zinc acetate except in weeks 6 and 7 of the experiment.  
 
Table (5): Weekly means final liveweight of the experimental birds 
(g/bird/week) 
 
Experimental diets Age in 
weeks 1 2 3 4 SEM 
1 91.00 92.00 91.00 93.00 0.98 N.S 
2 172.00 180.00 173.50 180.00 3.51 N.S 
3 302.00 341.60 326.00 325.00 7.32 N.S 
4 523.00 545.00 536.00 497.00 9.30 N.S 
5 834.00 817.00 871.00 842.00 9.74 N.S 
6 1295.00 a 1126.00 c 1214.00 b 1244.00ab 17.54 *  
7 1459.00 a 1474.00 b 1551.00ab 1536.00ab 17.38 *  
 
Values are means of 25 chicks / treatment / 7weeks. 
Values within the same row with different letters are statistically significant (P<0.05). 
* = Statistically significant (P<0.05). 
N.S = Not statistically significant. 
SEM = Standard error of the mean. 
 
 
 
 
4.3 Body weight gain: 
The effect of Zinc acetate supplementation on weekly body 
weight gain of broiler chicks is presented in Table (6) and Appendix (4). 
The addition of graded levels of zinc acetate to the control diet resulted in 
weekly but inconsistent increases in body weight gain. This effect was 
statistically significant during the 3rd, 4th, 5th, and 6th weeks of the 
experiment.  
 
Table (6): Weekly means weight gain of the experimental birds 
(g/bird/week) 
Experimental treatments Age in 
weeks 1 2 3 4 SE 
1 49.54 50.86 49.60 51.88 1.00 N.S 
2 81.00 88.00 82.50 87.00 3.54 N.S 
3 130.00 a 161.60 a 152.50 ab 145.00 ab 4.55 *  
4 221.00 a 203.40 ab 210.00 ab 172.00 b 7.23 *  
5 311.00 ab 272.00 b 335.00 a 345.00 a 9.76 *  
6 461.00 a 309.00 c 343.00 c 402.00 b 14.46 *   
7 314.00 348.00 337.00 292.00 10.54 N.S 
 
Values are means of 25 chicks / treatment / 7weeks. 
Values within the same raw with different letters are statistically significant (P<0.05). 
* = Statistically significant (P<0.05). 
N.S = Not statistically significant. 
SEM = Standard error of the mean. 
 
  
  
  
  
 
4.4 Feed conversion ratio: 
From the data presented in Table (7) and Appendix (5), it can be 
noticed that the feed conversion ratio for the different levels of Zinc 
Acetate supplementation had significant effects (P≤ 0.05) in weeks 4, 5 
and 6 of the experimental   period. The weekly feed conversion ratio was 
increased by increased dietary Zinc acetate supplementation, but the 
differences between treatments were not consistent.   
 
Table (7): Weekly mean feed conversion ratio of the experimental 
birds (g/feed intake/g liveweight gain) 
 
Experimental diets Age in 
weeks 1 2 3 4 SEM 
1 1.94 1.86 1.99 1.91 3.36 N.S 
2 2.75 2.74 2.45 2.62 0.13 N.S 
3 2.00 1.87 1.93 2.11 4.68 N.S 
4 1.72 b 1.82 b 1.91 b 2.24 a 6.40 *  
5 1.92 b 2.56 a 2.41 a 1.87 b 9.67 *  
6 1.62 c 2.38 a 2.14 ab 1.85 bc 8.04 *  
7 2.74 2.38 2.43 2.78 0.10 N.S 
 
Values are means of 25 chicks / treatment /7 weeks. 
Values within the same row with different letters are statistically significant (P<0.05). 
* = Statistically significant (P<0.05). 
N.S = Not statistically significant. 
SEM = Standard error of the mean. 
 
 
 
4.5 Dressing percentage:  
The effect of dietary treatments on dressing percentage presented 
in Table (3) and Appendix (6). It can be noticed that the addition of Zinc 
levels are significantly (P<0.05). 
 
4. 6 Tibia ash and minerals composition: 
The data were revealed no significant effect of the dietary 
treatments on tibia ash and mineral contents Cu, Ca, Zn and P in Table 
(3) and Appendix (7) to (11). 
 
CHAPTER FIVE 
5. DISCUSSION 
 
In the present study, the effects of dietary supplementation of 
graded levels of zinc acetate on broiler performance were studied. The 
conducted research work was in the form of a 7-weeks feeding trial in the 
form of a complete randomized design, with four dietary treatments 
containing 0,25, 50 and 75mg/Kg supplementary levels of Zinc acetate. 
The parameters studied were mean total and weekly feed consumption, 
final live weight and body weight gain, feed conversion ratio, dressing 
out percentage, tibia ash and tibia minerals content.  
The results indicated that all the values of these parameters, apart 
from that for tibia ash and tibia mineral contents, were progressively 
increased by graded dietary supplementation of Zinc acetate, at the  level 
s of 25mg and 50 mg/Kg of the diet. The values of these parameters on 
the control diet (without dietary Zinc acetate supplementation) and the 
diet with the highest level of Zinc acetate supplementation (diet4),  were  
not statistically affected.  
The total and weekly feed consumption of the experimental birds 
were increased by dietary Zinc acetate supplementation. Similar results 
were obtained by Chester and Quarterman 1970), Roberson and Edwards 
(1994) and Kutle et al; (1999). The results of the present study also 
indicated a depression in feed intake at the highest level of Zinc acetate 
supplementation (75mg/Kg of the diet). These latter results are in 
agreement with the findings of Sandoval et al (1998) that feed intake was 
significantly depressed by feeding chicks diets supplemented with 1, 500 
ppm ZnSo4 compared to chicks fed diets supplemented with 0, 500 or 
1000 ppm ZnS04. Similar effect was reported by Wang (2002) and 
Burrell (2004) that feed consumption of broiler chicks was not influenced 
when dietary Zinc concentration was provided in excess of the NRC 
recommended value of 40 mg/Kg inorganic zinc. 
The increased appetite, associated with dietary Zinc acetate 
supplementation can be attributed to increased concentration of 
neurotransmitters In the brain as a result of increased (O, Dell and Reeves 
(1989). It has also been related to increase   salivary Zinc concentration 
which leads to stimulation of taste and consequently increased appetite.  
Increase in plasma Zinc concentration and plasma alkaline. 
Phosphate activity, as a result of increased Zinc intake would also lead to 
improved appetite and increased feed intake.  
Final liveweight and body weight gain of the experimental birds 
were affected by graded level of Zinc acetate supplementation, in the 
same manner as that of feed consumption. The results indicated a 
negative effect of Zinc acetate supplementation on final liveweight and a 
positive one in   body weight gain in accordance with increased feed 
intake. Similar results of improved growth performance were obtained by 
many research workers, including Abu-Zeid et al (1999), Edwards 
(2000), Mukhtar (2002), and Burrel (2004). Wang (2002) reported that 
Zinc, in inorganic form, did not affect growth when dietary Zinc 
concentration was provided in excess of the recommended value by NRC. 
In this line, Sandoval (1998) reported that body weight gain of broiler 
chicks fed a high level of 1,500ppm Zinc as ZnSo4, was significantly 
depressed compared to that of chicks fed lower levels of ZnSo4. 
The results on feed conversion ratio indicated a significant increase 
in value by supplementation of graded levels of Zinc acetate to the 
control diet. These findings are in accordance to the increased feed intake 
and depressed body weight gain. The results are similar to those obtained 
by Scurz et al (1993), Roberson and Edwards (1994) and Kutle et al 
(1998). It was also evident in the present study, that feed conversion ratio 
was slightly reduced when dietary Zinc concentration was provided at 
75mg/Kg of the diet, i.e. in excess of the (NRC) recommendations. 
The dressing out percentage of the experimental birds was 
significantly increased by25mg/Kg dietary supplementation of Zinc 
acetate, while it remained unchanged for the other dietary treatments. 
Tibia ash and tibia minerals content were not affected by dietary Zinc 
acetate supplementation indicating low body retention of these minerals. 
It can generally be implied that the dietary Zinc levels in all the 
experimental diets were adequate, since no deficiency symptoms were 
noticed in any treatment group of the experimental birds. Moreover, the 
dietary Zinc content at the highest supplementation exceeded the NRC 
recommended requirements. However, dietary Zinc supplementation 
below 75mg/Kg of diet, improved broiler performance over that of the 
control diet and over the diet with the highest level of Zinc 
supplementation. The overall experimental results seem to confirm that 
diets formulated from common poultry feed ingredients would be 
adequate in satisfying the Zinc requirements of poultry stock.   
CONCLUSION 
 
• This study was concerned with the effects of Zinc acetate on the 
performance of broiler chicks. 
• The dietary Zinc levels in all the experimental diets were adequate, 
since no deficiency symptoms were noticed in any treatment group 
of the experimental birds. 
• The dietary  Zinc supplementation below 75 mg/Kg of diet, 
improved broiler performance over that of the control diet and over 
the diet with the highest level of Zinc supplementation. 
• The overall experimental results seem to confirm that diets 
formulated from common poultry feed ingredients would be 
adequate in satisfying the zinc requirements of poultry stock. 
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Total feed consumption, final live weight and body weight 
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Appendix 1-b: 
 
Feed conversion ratio of the experimental birds 
1.85
1.9
1.95
2
2.05
2.1
2.15
2.2
2.25
2.3
F
e
e
d
 c
o
n
ve
rs
io
n
 ra
tio
 (g
/b
ir
d
)
Experimental diets
Appendix 2: 
 
Weekly mean feed consumption of the experimental birds 
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Appendix 3: 
 
Weekly mean body liveweight of the experimental birds 
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Appendix 4: 
 
Weekly mean body weight gain of the experimental birds 
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Appendix 5: 
 
Weekly mean feed conversion ratio of the experimental 
birds
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Appendix 6: 
 
Dressing out percentage of the experimental birds 
 
Appendix 7: 
 
Tibia ash content of experimental birds 
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Appendix 8: 
 
Tibia copper content of experimental birds 
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Appendix 9: 
 
Tibia calcium content of experimental birds 
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Appendix 10: 
 
Tibia zinc content of experimental birds 
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 Appendix 11: 
 
 Tibia phosphorus content of experimental birds 
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